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Morphologic differentiation of clear cell hepatocel-
lular carcinoma (HCC-CC) from clear cell renal car-
cinoma (RCC-CC) may not be possible without the
aid of immunohistochemical stains. We performed
a battery of immunohistochemical stains on 10 pre-
viously diagnosed HCC-CCs, and 10 RCC-CCs, in
order to determine which single or combination of
immunostains would be most useful in diagnosis.
We concluded that a positive Hepatocyte immuno-
stain (DAKO) is sufficient for a diagnosis of HCC-CC
if enough tissue is available. This immunostain dis-
tinguishes HCC-CC from other clear cell malignan-
cies with sensitivity of 90% and specificity of 100%,
when biopsy material is adequate. Other tests were
much less sensitive, although several had specificity
of 100%. A negative immunostain does not exclude
the diagnosis of HCC-CC (negative predictive value
91%, especially in small biopsy material) and
should be followed by additional immunostains
such as pCEA for demonstration of tumor canalic-
uli, ubiquitin for Mallory bodies, and several epithe-
lial cell markers that are typically positive in
RCC-CC (epithelial membrane antigen, Leu M21,
pancytokeratin) and negative in HCC-CC.
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The clear cell variant of hepatocellular carcinoma
(HCC-CC) is often histologically indistinguishable
from metastatic renal clear cell carcinoma (RCC-
CC). They are partially or completely encapsulated,
with occasional hemorrhage and necrosis. Both
contain large, water-clear cells arranged in acinar,

trabecular or solid patterns, and both lack intratu-
moral fibrosis (except in areas of hemorrhage and
necrosis).

Until recently, our work-up to differentiate met-
astatic carcinoma from hepatocellular carcinoma
(HCC) included a panel of histochemical and im-
munohistochemical stains. If foci of classical tra-
becular hepatocellular carcinoma are present, a
panel is not necessary. The panel included digested
periodic acid-Schiff stain, mucicarmine, polyclonal
carcinoembryonic antigen (pCEA), epithelial mem-
brane antigen (EMA), BER-EP4, and Kermix (AE1/
AE3/CK1). A clinical history of a renal mass is help-
ful, but does not exclude the possibility of two
primary tumors. Commercial availability of a hepa-
tocyte monoclonal antibody (Hepatocyte clone
OCH1E5.2.10, DAKO, Denmark) suggested the pos-
sibility of eliminating the need for additional costly
immunohistochemical stains. In this study, we
evaluated the Hepatocyte antibody (DAKO) on 10
previously diagnosed RCC-CCs, 10 HCC-CCs, and
11 clear cell tumors from other organs. In addition,
a panel of 12 other immunohistochemical stains
was evaluated on the HCC-CC and RCC-CC.

MATERIALS AND METHODS

The files of the Armed Forces Institute of Pathol-
ogy, Washington DC, were searched for clear cell
tumors of liver and kidney. Ten examples of each
tumor were selected if the tumor was unequivocally
primary in that organ, and if the paraffin block was
available with sufficient tissue for recuts. Also, 11
clear cell tumors from other organs, three salivary
gland (one mucoepidermal carcinoma, clear cell
type; two clear cell adenocarcinomas), three lung
(three poorly differentiated squamous cell carcino-
mas with clear cell features), two thyroid gland (two
follicular carcinomas with clear cells), two ovary
(two clear cell carcinomas), and one urinary blad-
der (one transitional cell carcinoma with clear cell
features) were retrieved using the same criteria.
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All hematoxylin-eosin–stained sections were re-
viewed. Additional sections were obtained from the
paraffin blocks for special stains and immunohis-
tochemistry. Histochemical stains performed in-
cluded mucicarmine, periodic acid Schiff (periodic
acid-Schiff) with and without diastase, reticulin,
and Hall’s stain for bilirubin.

Immunohistochemical staining was performed
after sections were deparaffinized using primary
antisera for anti-human Hepatocyte (DAKO), Ker-
mix (AE1/AE3/CK1), CK7, CK20, polyclonal carci-
noembryonic antigen (pCEA), alpha-fetoprotein
(AFP), S-100, epithelial membrane antigen (EMA),
BER-EP4, chromogranin, synaptophysin, ubiquitin,
and Leu M21. The antibodies, their sources, and
the dilutions for each are listed in Table 1. When
required, sections were pretreated enzymatically
with 0.05% Sigma VIII protease for 3 min at 37° C.
This was followed by rinsing the secondary anti-
body, rinsing again, and applying avidin biotin
complex (supplied in kit form, Vectastain kit, Vector
Labs Inc., Burlingham, CA). The slides were coun-
terstained with Gill’s hematoxylin and cover-
slipped. Appropriate tissues were used as positive
controls and non-immune rabbit or mouse sera
were substituted for the primary antibody for neg-
ative controls.

RESULTS

Hepatocellular Carcinoma
Microscopically, all cases of HCC-CC showed

moderate-to-marked cytoplasmic accumulation of
glycogen and/or macro- and microvesicular intra-
cytoplasmic fat droplets that dissolved during pro-
cessing, leaving behind a “clear” cytoplasm. The
tumor growth patterns ranged from sheets of cells
to trabeculae with or without pseudoglands, or a
combination of patterns (Fig. 1). Foci of classical
trabecular HCC were seen in 60% of the cases ad-
mixed with sheets of clear tumor cells (Table 2 and

Fig. 2). Except for the capsule, fibrosis was rare
unless previous necrosis or hemorrhage had oc-
curred. Tumor canaliculi were often difficult to see
in HE sections but were identified in 60% of our
cases with the use of a polyclonal CEA immuno-
stain (Table 3 and Fig. 3). Mallory bodies occurred
in 40% of the HCC-CC cases; none were found in
the RCC-CC cases (Table 2 and Fig. 3).

The Hepatocyte immunostain (DAKO) in normal
hepatic parenchyma showed abundant, dark-
brown, coarsely granular staining that was evenly
dispersed within the cytoplasm of nearly all hepa-
tocytes (Fig. 4) (1–3). Some of the larger granules
had an outer dense staining “shell” and a clear
center. In fatty livers, the reaction product was less
prominent and patchy due to displacement of or-
ganelles by the fat vacuoles. The same was true of
HCC-CC where the reactivity was patchy and vari-
able, showing scattered positive cells with a few
granules, to foci with strong, diffuse staining of
many cells (Fig. 4).

The immunohistochemical reactivity of HCC-CC
to a panel of antibodies is listed in Table 3. The

TABLE 1. Summary of Antibodies Used

Antibody Type Dilution Source

Hepatocyte (OCH1E5) Monoclonal 1:80 DAKO
Kermix (AE1/AE3/CK1) Monoclonal 1:200 DAKO, Hybritech
CK7 Monoclonal 1:40 DAKO
CK20 Monoclonal 1:80 DAKO
CEA Polyclonal 1:400 DAKO
BER-EP4 Monoclonal 1:100 DAKO
EMA Monoclonal 1:200 DAKO
S-100 Polyclonal 1:800 DAKO
AFP Polyclonal 1:160 DAKO
Chromogranin Polyclonal 1:1600 Boehringer-Mann
Synaptophysin Polyclonal 1:40 Boehringer-Mann
Ubiquitin Polyclonal 1:200 DAKO
Leu M-1 (CD15) Monoclonal 1:5000 Ventana

CK, cytokeratin; CEA, carcinoembryonic antigen; EMA, epithelial
membrane antigen; AFP, alpha-fetoprotein.

FIGURE 1. Hepatocellular clear cell carcinoma. A, low-power view of
tumor, capsule, and normal nontumor parenchyma. B, medium-power
view, macrotrabeculae. C, high-power view, sheets of tumor cells. D
and E, high-power views, macrotrabeculae, sinusoids.

TABLE 2. Histologic Features of Hepatocellular Clear

Cell Carcinoma

Case
Classic

HCC areas
Grade/
Pattern

Capsule
Hem/
Necr/
Fibr

MB
Cirrhosis
in Non-
tumor

1 1 2/t/s 1 1/1/1 0 0
2 0 3/t/s 1 1/1/1 0 NA
3 1 1/t/s 1 0/1/1 0 1 (HBV)
4 1 2/t/s/pg 1 1/1/1 1 1/2
5 1 4/t/s 1 1/1/1 0 0
6 0 1/t/s 1 1/1/1 1 0
7 0 1/s 1 0/0/0 1 0 (fat)
8 1 1/t/s 1 0/0/1 1 0
9 1 1/t 1 1/1/1 0 0 (iron)

10 0 1/t/s 1/2 1/1/1 0 0

1, present; 0, not present; NA, not available; t, trabecular; s, solid; pg,
pseudoglandular; Hem, hemorrhage; Necr, necrosis; Fibr, fibrosis; MB,
Mallory bodies.
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most useful positive stains were the Hepatocyte
antibody (DAKO) and the pCEA, which demon-
strates canaliculi in tumor and nontumor liver by
cross-reacting with biliary glycoproteins (Fig. 3).
Both stains were patchy in distribution so that
false-negative staining could be due to sampling.
Patchy reactivity with biliary cytokeratins (CK 7,
19), Kermix (AE1/AE3/CK1), BER-EP4, and cytoker-
atin 20 (which also reacts with the epithelium of the
gallbladder, pancreas, gastrointestinal tract and
other carcinomas) was noted in one case, but is not
an uncommon finding in HCC or normal liver cells
due to biliary/hepatocellular metaplasia or aber-
rant antigen expression (4). Other immunostains
(EMA, S-100, chromogranin, synaptophysin, and
Leu M21) listed in Table 3 were negative. Histo-
chemical stains for mucin (mucicarmine, Alcian
blue) were negative, focal bile production was
noted in one case with Hall’s bile stain, and peri-
odic acid-Schiff after digestion was positive for cy-
toplasmic glycogen.

Clear Cell Renal Carcinoma
Microscopically and ultrastructurally, this tumor

is very similar to HCC-CC, with water-clear cells
and sparse organelles (5)(Fig. 5). Varying quantities
of cytoplasmic glycogen and lipid were present in
all cases (usually mild to moderate amounts on

dPAS). The tumor growth patterns included papil-
lary, alveolar, tubular, and solid sheets (Fig. 5). A
fibrous capsule separated the tumor from the renal
parenchyma and sometimes contained entrapped
glomeruli and renal tubules. Intratumoral fibrosis
was rare unless hemorrhage or necrosis had oc-
curred. The immunohistochemical reactivity of
RCC-CC, using the identical panel of immunostains
for HCC-CC, is listed in Table 4. The EMA, Leu
M21, and Kermix showed patchy, moderately
strong cytoplasmic and membranous staining (Fig.
6). The expression of S-100 was very focal, with
minimal to mild intensity. The BER-EP4 immuno-
stain was negative in all but two cases, as were the
remaining immunostains. Although the Hepatocyte
immunostain (DAKO) was nonreactive in the tu-
mor, in several cases, normal renal tubules showed
focal, mild positivity, but the staining was homoge-
neous and fine rather than coarse and granular.
Histochemical stains for mucin (mucicarmine, Al-
cian blue) were negative, Hall’s bile stain was neg-
ative, and periodic acid-Schiff after digestion was
positive for cytoplasmic glycogen.

Miscellaneous Clear Cell Carcinomas
Eleven clear cell tumors involving the salivary

gland (three cases), lung (three cases), thyroid
gland (two cases), ovary (two cases), and urinary
bladder (one case) were not immunoreactive to the
Hepatocyte antibody (DAKO).

Immunostain Sensitivity and Specificity
Sensitivity and specificity were calculated for all

immunostains to evaluate their role in distinguish-
ing HCC-CC from RCC-CC, or vice versa. For iden-
tifying HCC-CC, sensitivity and specificity, respec-
tively, were 90% and 100% for Hepatocyte (DAKO)
(Tables 5 and 6), 60% and 100% for pCEA, 10% and
100% for CK 7, 10% and 100% for CK 20, 10% and
80% for BER-EP4, 10% and 100% for synaptophysin,
30% and 100% for ubiquitin. Chromogranin and
alpha-fetoprotein were negative in all HCC-CC and
RCC-CC, thus making them completely insensitive
for distinguishing one tumor type from another.

Other immunostains were more useful for iden-
tifying RCC-CC. For these, sensitivity and specific-
ity, respectively, were 90% and 100% for Kermix,
90% and 100% for EMA, and 40% and 100% for
S-100. Although Leu M21 stains were unavailable
for 3 RCC-CC, all the available seven cases showed
strong focal staining suggesting both sensitivity and
specificity of 100%. The immunostains in this group
were negative in all HCC-CC.

FIGURE 2. Hepatocellular clear cell carcinoma. Focus of classical
trabecular HCC (center).
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DISCUSSION

Primary clear cell tumors arise in many organs of
the body and all can mimic, RCC-CC histologically
(6 –18). In our experience, clear cell carcinomas in
the liver are either primary or metastatic from the
kidney. We therefore chose to focus our study on

these two major organs. Our intention was to eval-
uate the possibility of using the Hepatocyte immu-
nostain (DAKO) as a single tool for diagnosis rather
than a panel of costly immunohistochemical stains.

The Hepatocyte monoclonal antibody (Hep Par
1) was developed in 1993 by a group of researchers
from the University of Pittsburgh School of Medi-
cine, Pittsburgh, Pennsylvania, and the University
of North Carolina at Chapel Hill, North Carolina (1).
Their monoclonal antibody, which they named He-
patocyte Paraffin 1 (Hep Par 1), reacted with both
normal and neoplastic hepatocytes in routine
formalin-fixed, paraffin-embedded tissues. Al-
though the nature of the antigen to which the he-
patocyte antibody actually binds is not established,
some investigators believe that it binds to liver cell
mitochondria (1–3).

Using tissue from a failed allograft liver, the re-
searchers injected a supernatant into six-week-old
female mice and fused with myeloma cells. They
were able to isolate a single clone (OCH1E5.2.10)
that was highly specific for adult and fetal liver, and
developed an immunoperoxidase stain using
mouse immunoglobulin G (IgG). It produced a dis-
tinct, granular cytoplasmic staining of hepatocytes,
but failed to react with bile ducts and nonparen-
chymal cells of the liver. The antibody stained a
majority of hepatocellular carcinomas, including
the fibrolamellar variant. It failed to react with a
wide variety of other malignancies with the excep-
tion of focal staining in a few gastrointestinal ma-
lignancies, including a subpopulation of gastric car-
cinomas. In their study, 37 of 38 hepatocellular
carcinomas were positive; the one negative tumor
was a “sclerosing HCC,” which was probably an
adenocarcinoma. Two of 35 biliary tract tumors
showed only rare positive cells. Three of 10 gastric
tumors were positive; all were poorly differentiated
signet ring or mixed intestinal/signet ring carcino-
mas. Only three of 12 pancreatic tumors showed a
rare positive cell. Sixteen other tumors from various
extrahepatic organs were all negative.

TABLE 3. Immunohistochemical Findings in Hepatocellular Clear Cell Carcinomas

Case Hepatocyte Kermix CK 7
CK
20

pCEA
*can

AFP S-100 EMA
BER-
EP4

CHR SYN
Leu
M-1

Ubiq

1 41 0 0 0 21 0 0 0 0 0 0 0 N
2 1 1 f 0 0 0 0 0 0 0 0 0 3 1 f 0 N
3 31 0 0 0 21 0 0 0 0 0 0 0 N
4 1 1 f 0 0 0 21 0 0 0 0 0 0 0 P
5 1 1 f 0 0 0 0 0 0 0 0 0 0 0 N
6 41 0 0 0 21 0 0 0 0 0 0 0 N
7 31 0 1 1 f 1 1 f 31 0 0 0 1 1 f 0 0 0 P
8 1 1 f 0 0 0 0 0 0 0 0 0 0 0 P
9 3 1 f 0 0 0 21 0 0 0 0 0 0 0 N

10 0 0 0 0 0 0 0 0 0 0 0 0 N

11, rare; 21, mild; 31, moderate; 41, marked; f, focal; CK, cytokeratin; pCEA, polyclonal carcinoembryonic antigen; * can, canaliculi; AFP,
alpha-fetoprotein; EMA, epithelial membrane antigen; CHR, chromogranin; SYN, synaptophysin; Ubiq, ubiquitin; P, present; NP, none present.

FIGURE 3. Hepatocellular clear cell carcinoma. A, polyclonal
carcinoembryonic antigen (immunostain). B, Mallory bodies (arrows)
(hematoxylin and eosin stain).
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In 1997, Minervini et al. (2) used Hep Par 1 as part
of an antibody panel to differentiate hepatocellular
from nonhepatocellular neoplasms (65 liver tumors
and two extrahepatic tumors from patients with
documented liver tumors). They reported that Hep
Par 1 alone had an 82% sensitivity and 90% speci-
ficity for the detection of hepatocellular neoplasms.
Polyclonal CEA (canalicular staining pattern) had a

sensitivity of 79% and a specificity of 97%, and
alpha-fetoprotein (only positive in 57% of HCC
cases) had a 57% sensitivity and 97% specificity.

Fasano et al. (3) evaluated the immunohisto-
chemistry of 12 hepatoblastomas and 27 other
childhood tumors. All hepatocyte-derived tumors
were immunoreactive with Hep Par 1 (clone
OCH1E5.2.10), whereas all other tumors were neg-
ative. They concluded that Hep Par 1 and pCEA
were the most useful markers in the diagnosis of
hepatoblastomas.

Renal clear cell carcinoma can be histologically
indistinguishable from HCC-CC (4, 19, 20). Grossly,
both tumors are well demarcated from the sur-
rounding nontumor parenchyma by a complete or
partial fibrous capsule and are tan-brown to yellow-
white. Intratumoral fibrosis is rare unless hemor-
rhage and necrosis had occurred. The cells are
round or polygonal in shape, and contain abundant
glycogen and/or fat, giving them a water-cell cyto-
plasm. Ultrastructural studies have shown that the
clear cell appearance is due to the combination of
sparse organelles and an increased cytoplasmic gly-
cogen and lipid content (5, 21, 22). Mallory bodies
occurred in 40% of our HCC-CC cases, but none
were found in the RCC-CC cases. There is one case
report of globular Mallory-like bodies in RCC-CC
(23), but this finding has not been confirmed by
other reports. In our study, the vascular and reticu-
lin patterns in HCC-CC and RCC-CC were similar.

A histologic diagnosis of HCC-CC is possible if
foci of classical HCC (eosinophilic cells arranged in
trabeculae and/or pseudoglands), canalicular, or
cytoplasmic bile production and Mallory bodies are
found, without the need for immunohistochemical
stains. The presence of chronic liver disease and/or

FIGURE 4. Hepatocellular clear cell carcinoma. A, normal nontumor
liver around a portal area (Hepatocyte immunostain). B and C, sheets
of tumor cells with focal positivity (Hepatocyte immunostain). D, tumor
trabeculae with dense positivity (Hepatocyte immunostain).

FIGURE 5. Renal clear cell carcinoma. A, low-power view of tumor,
capsule and normal nontumor parenchyma. B, high-power view of
acinar pattern. C, high-power view of sheets of tumor cells.
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cirrhosis in nontumor parenchyma may favor HCC
but, in seven of our cases, there was no cirrhosis
(24 –27).

In small liver biopsies, or in cases where the
diagnostic histological features of HCC are not
found in a HCC-CC, immunohistochemical stud-
ies are necessary (Tables 3 and 4). The most use-
ful stains for distinguishing HCC-CC from RCC-
CC, are the Hepatocyte immunostain (DAKO)
(sensitivity, 90%) and pCEA (sensitivity, 60%),
and because these also have a specificity of 100%,
they would usually be negative in all RCC-CC.
Using similar criteria, we found that Leu M21,
EMA, and pancytokeratin were the next most use-
ful immunostains because they were always neg-
ative in HCC-CC and almost always positive in
RCC-CC. Although normally negative in HCC-CC,
pancytokeratin under certain circumstances may
show aberrant antigen expression in diseased
states making it somewhat less useful than Leu
M21 and EMA. Table 5 shows specificity and
sensitivity of Hepatocyte immunostaining (Hep
Par 1). Based on this table, its positive and neg-
ative predictive values were 100% and 91%, re-
spectively. None of the tumors were reactive with
the alpha-fetoprotein immunostain, but we have
found this to be the case in any HCC unless the
serum level is elevated. Furthermore, in addition
to liver and germ cell tumors, positive AFPs have
been described in a few intestinal adenocarcino-
mas as well as in female genital tract tumors (17,
20).

An immunohistochemical study of RCC from Ja-
pan included 21 cases of RCC-CC (28). The results
of their panel of immunohistochemical stains were
similar to ours with positive EMA in 13 cases, pan-
cytokeratin (AE1/AE3) in 10 cases, CK 18 in 16
cases, Leu M21 in 10 cases, CK 7 in three cases, CK
8 in seven cases, and CK 19 in six cases.

A clear cell variant of intrahepatic cholangiocar-
cinoma is extremely rare, but a case was recently
reported by Tihan et al. (29). The tumor showed
both papillary and clear cell features; was focally

FIGURE 6. Renal clear cell carcinoma. A, epithelial membrane
antigen, immunostain. B, Leu M21, immunostain. C, pancytokeratin
(Kermix), immunostain.

TABLE 4. Immunohistochemical Findings in Renal Clear Cell Carcinomas

Case Hepatocyte Kermix CK 7 CK 20
pCEA
*can

AFP S-100 EMA BER-EP4 CHR SYN
Leu
M-1

Ubiq

1 0 0 0 0 0 0 0 11 0 0 0 NA N
2 0 31 0 0 0 0 0 21 0 0 0 4 1 f N
3 0 21 0 0 0 0 1 1 f 21 0 0 0 3 1 f N
4 0 21 0 0 0 0 1 1 f 31 11 0 0 3 1 f N
5 0 11 0 0 0 0 0 0 0 0 0 NA N
6 0 11 0 0 0 0 1 1 f 21 0 0 0 3 1 f N
7 0 11 0 0 0 0 0 11 0 0 0 4 1 f N
8 0 31 0 0 0 0 0 31 0 0 0 NA N
9 0 31 0 0 0 0 1 1 f 31 11 0 0 3 1 f N

10 0 31 0 0 0 0 0 21 0 0 0 3 1 f N

11, rare; 21, mild; 31, moderate; 41, marked; f, focal; CK, cytokeratin; pCEA, polyclonal carcinoembryonic antigen; * can, canaliculi; AFP,
alpha-fetoprotein; EMA, epithelial membrane antigen; CHR, chromogranin; SYN, synaptophysin; Ubiq, ubiquitin; NA, not available; N, none present.
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positive for mucicarmine; had diffuse, strong im-
munoreactivity with AE1, CK 7, CK 19, and Cam 5.2;
focal reactivity with epithelial membrane antigen;
and was negative with CK 20. Primary clear cell
cholangiocarcinomas should therefore be included
in the differential diagnosis of clear cell epithelial
tumors in the liver that are negative with the He-
patocyte antibody (DAKO) and positive for epithe-
lial markers.

In summary, the diagnosis of HCC-CC can easily
be made when ample tissue is available (wedge
biopsies or autopsy material). Immunohistochemi-
cal stains are unnecessary when definitive foci of
classical trabecular HCC with canaliculi, bile pro-
duction and Mallory bodies, are present. But in
small needle biopsies, or when these features are
not present, immunohistochemical stains should
be performed to differentiate HCC-CC, which ap-
pears to have a better prognosis than nonclear cell
HCC, from metastatic clear cell tumors, which are
known to have a poor prognosis (21, 25). We rec-
ommend the Hepatocyte antibody (DAKO) as a
screening immunostain in working-up a clear cell
tumor in the liver when diagnostic histologic crite-
ria of HCC are absent. In this setting, Hepatocyte
immunostaining (DAKO) distinguishes clear cell
HCC-CC from other clear cell malignancies with a
sensitivity of 90% and specificity of 100% when
adequate material is available (Tables 5 and 6). If
negative, then other immunostains such as pCEA,
ubiquitin, EMA, Kermix, and Leu M21 can be per-
formed and evaluated. With elevated serum levels
of alpha-fetoprotein, the chances of finding positive
cells on immunostain are good and would support
the diagnosis (4). If a kidney mass is present, a
positive EMA and Leu M21 would support a renal
primary and exclude HCC-CC (28), but in the ab-

sence of a renal mass, other clear cell tumors that
can express some of the same epithelial antigens
(i.e. salivary gland, ovary, thyroid, lung, bile ducts,
urogenital) should be considered in the differential
diagnosis.
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